Radioisotope lung scanning was used to investigate the distribution ofpulmonary bloodflow after banding of the pulmonary artery in children with a left-to-right shunt and pulmonary hypertension. An abnormal distribution of blood flow in the lung on the side of the operation approach was observed in all patients in the first three weeksfollowing surgery. Abnormalities were still observed in I7 of 2I children io months to more than 8 years after the banding operation. There was no significant relation between the occurrence of these abnormalities and time after surgery. Diminished flow to the zones of the right lung was observed less frequently. Respiratory pathology is common in infants with large left-to-right shunts. Observations on pulmonary blood flow distribution by lung scanning have been shown to be useful in evaluating abnormalities in regional lung function in young children (Fendel and Feine, 1970), particularly in the presence of obstructive lung disease (Samanek et al., I97I). One effect of banding operations is a reducReceived 25 February I974. tion in these respiratory complications. Abnormal pulmonary function may persist for some time after surgery, and in some cases may even be the result of surgery. In this study radioactive lung scanning has been used to evaluate such abnormalities.
Radioisotope lung scanning was used to investigate the distribution ofpulmonary bloodflow after banding of the pulmonary artery in children with a left-to-right shunt and pulmonary hypertension. An abnormal distribution of blood flow in the lung on the side of the operation approach was observed in all patients in the first three weeksfollowing surgery. Abnormalities were still observed in I7 of 2I children io months to more than 8 years after the banding operation. There was no significant relation between the occurrence of these abnormalities and time after surgery. Diminished flow to the zones of the right lung was observed less frequently. The incidence of abnormalities in flow distribution was also high preoperatively. Respiratory complications in infants with large left-to-right shunts were considered to be responsible for most of the abnormal blood flow distributions observed. Radioactive lung scanning was found to be a valuable diagnostic method in the early and late postoperative period in infants and small children. It was more sensitive than the other techniques used in revealing deviation of bloodflowfrom one lung in those cases with shifting of the applied band.
A therapeutic value of banding the pulmonary artery in infants with intractable congestive heart failure from a left-to-right shunt has been suggested by reports of the effects of this operation in cases of ventricular septal defects and other congenital cardiac abnormalities involving pulmonary hypertension and a high pulmonary blood flow (Stark et al., I969; Somerville et al., I967) . The presumed mechanism of action of pulmonary arterial banding is a reduction in pulmonary arterial blood flow because of the applied artificial resistance to right ventricular flow (Muller and Dammann, I952) . Constriction of the proximal part of the pulmonary artery reduces distal pulmonary arterial pressure and flow, but might also affect the distribution of blood flow to the lungs in a manner similar to that found in stenosis of the pulmonary valve (Dollery et al., I96I; Samanek et al., 1969) .
Respiratory pathology is common in infants with large left-to-right shunts. Observations on pulmonary blood flow distribution by lung scanning have been shown to be useful in evaluating abnormalities in regional lung function in young children (Fendel and Feine, 1970) , particularly in the presence of obstructive lung disease (Samanek et al., I97I) . One effect of banding operations is a reduc- Received 25 February I974. tion in these respiratory complications. Abnormal pulmonary function may persist for some time after surgery, and in some cases may even be the result of surgery. In this study radioactive lung scanning has been used to evaluate such abnormalities.
One possible postoperative complication is a shift of the ligature along the pulmonary artery distal to the bifurcation. Such a shift may result in an uneven distribution of the pulmonary resistance and a consequent alteration in regional pulmonary blood flow. Differences between right-and left-sided pulmonary blood flow could result in an increase in the dead space of the lung, with lower perfusion and a higher venous admixture from the contralateral lung with a lower ventilation-perfusion ratio. An attempt has been made to use radioisotope lung scanning to reveal deviations of blood away from one lung caused by slipping of the applied band.
Subjects and methods Twenty-one children were studied by lung scintiscanning after banding of the pulmonary artery (Table  i) . Most of the patients were under i year of age at the time of operation. The older patients had been referred for operation in earlier years, or because anatomical conditions had made corrective surgery unfavourable. The most frequent indication for surgery was ventricular septal defect, isolated (12 children), with persistent 2I) cardiac catheterization and angiography were repeated postoperatively.
In patients with a ventricular septal defect, the banding operation was carried out through an incision in the left fourth intercostal space. The ductus arteriosus or ligamentum was ligated. The pericardium was then opened and an incision was made between the aorta and the pulmonary artery. Plaited silk (BPC 6) was passed around the pulmonary artery, and the main trunk of the vessel was constricted.
The distribution of pulmonary blood flow was measured by anterior lung scanning with the patients in a supine position. Human serum albumin, aggregated to a particle size of 75 pt and labelled with 99mTc was admin- Pho/Dot II. rectilinear scanner (Nuclear Chicago) with a I27-hole collimator was used to record the distribution of the injected radioisotope in the pulmonary arterial circulation. Theserecordswereevaluatedby dividing each lung into three equal zones. These arbitrary zones did not correspondwiththelunglobes. Theactivity in the three zones was comparedbycountingpoints in the scintiscanorby recording counts per second per cm2 in the geometrical centre of each zone (Novak, Frenzel, and Wieners, 1972) . Areas of maximal radioactivity were arbitrarily labelled as zero underperfusion; radioactivity equal to background level was defined as grade 3 under perfusion. Grades i and 2 underperfusion lay between these;two extremes.
Results Early postoperative scintiscans were obtained in 4 patients I tO 3 weeks after operation (Table i, Cases I, 2, 10, 12). All 4 showed a normal distribution pattem of blood flow to the right lung and an abnormal distribution in the left lung.
Late postoperative scintiscans were recorded in 21 patients from IO months (Case 4) to more than 8 years after the operation (Table i) . Seventeen of these patients showed an abnormal distribution pattern. There was no significant relation between the incidence of abnormal findings and the length 40-Samdnek, Filer, Ruth, Tfima, and Hudin Fig. I ). Diminished flow to the zones of the right lung (Fig. 2) Fig. 3) , and deterioration in Case 20.
Preoperative pulmonary angiograms (Table I) showed a good correlation with the scintiscans in 5 of 9 patients (Cases 4, 5, 6, 9, 8 - Fig. 4) Abnormalities in regional distribution of blood flow were recorded in 3 of these (Cases ii, I7, 2I). In the remning 2 cases, the ligature had slipped distally towards the bifurcation (Fig. 7) . A normal right pulmonary artery pressure with a systolic pressure gradient of 52 mmHg caused by the banding was measured in Case 6. This patient showed only minor differences in the perfusion pattern of both lungs. In Case I9, left lung perfusion was less than on the right side. The systolic gradient across the ligature was 84 mmHg, and mean pressure was the same in both pulmonary arteries. Discussion There was a high incidence of abnormal distribution of pulmonary blood flow in these cases both before and after banding. There was also no characteristic pattern of change in this distribution after the operation. The incidence of abnormal patterns was the same before and after operation, and this, together with the lack of any uniform trend after surgery, suggests that the abnormal distributions measured were not the direct result of the banding operation.
Increased flow resistance in isolated pulmonary valvular stenosis has been shown to result in a preferential distribution of blood flow to the left lung, particularly to the upper lobe (Dollery et I974) , an explanation of the persistent disturbances in blood flow distribution in congenital heart disease with a left-to-right shunt must be searched for in a difference of pulmonary hemodynamics between these two groups of patients and in disturbances of lung mechanics in infants with a left-to-right shunt and pulmonary hypertension.
Respiratory diseases are probably the most frequent cause of regional disturbances in pulmonary blood flow in infants with large ventricular septal defects. Lung damage develops early in infancy and is caused by several mechanisms. The high pulmonary blood flow and pressure are accompanied by a decrease in pulmonary compliance. Increased bronchial secretion, repeated respiratory infection, and in some cases bronchial compression lead to a disturbance in airway patency and alveolar aeration. It is difficult to test lung function and lung mechanics in infants and small children, such as the present series of patients. Radioisotope lung scanning, however, can be used in this age group to detect regional disturbances in perfusion and impairment of ventilation (Samanek, I973) . Changes in the composition of alveolar gases which result from alveolar hypoventilation caused by a decrease in regional airway conductance, compression, or a change in lung elasticity are reflected in a decrease in perfusion to the affected region. The same perfusion changes can result from an increase in arterial resistance caused by an increase in alveolar pressure in partial airway obstruction, or by compression of lung tissue in the presence of cardiac hypertrophy.
The patients were clinically improved after banding and showed an incidence of respiratory infection which did not differ from that in a healthy population of the same age. However, an abnormal distribution of blood flow to the lungs, detectable only by lung scintiscanning, persisted ( Table 2 ), suggesting that in most cases the operation did not abolish regional abnormalities of gas exchange. A pronounced improvement in blood flow distribution after banding was encountered only after reexpansion of collapsed regions and consequent elimination of those factors that produced increases in regional resistance to blood flow. Corrective surgery has been reported to improve blood flow distribution in ventricular septal defect (Tong et al., 1973) , but patients undergoing banding at an earlier age have not been studied.
